however, which will kill spores and fewer still which will do so in a reasonable time. The hypochlorites, which are cheap and rapidly effective, are very destructive to ordinary textiles. Iodophores are not cheap, not particularly rapid in action, and are readily inactivated. Formalin, though not particularly rapid in action, is cheap and effective and, though colourless, cannot be confused on account of its pungent smell. It does not stain and is not destructive. Trials on a testtube scale show that heavy suspensions of spores are killed in less than four hours by a 4% solution of commercial 40% formaldehyde at room temperature, and that this action is enhanced by the addition of a kationic or an ampholytic detergent-disinfectant in 1 % concentration.
Overalls were contaminated by partial immersion in a 2 x l09 per ml aqueous suspension of washed spores of Bacillus anthracis (Weybridge strain) and allowed to drip dry for 24 hours. Each square inch of inoculated material was subsequently found to contain approximately 1 x 109 spores after drying. The overalls were then totally immersed in a plastic dust-bin containing measured quantities of tap water and commercial formalin to which an ampholytic detergentdisinfectant (Tego MHG) was added in some experiments. The clothing was removed at intervals and 1 5 in (3 8 cm) squares were then cut out and placed into tubes containing 50 ml of cooked meat medium to which sufficient sodium metabisulphite had been added to neutralize residual formalin. These were incubated at 37°C for seven days and subsequently plated out on tryptic meat agar as an additional check and to aid identification of bacterial growth, if any. Numerous precautions and constant monitoring of air and dust were carried out to reduce the possibility of secondary contamination of fabric and cultures after treatment. A total of 272 samples was examined.
For the sake of brevity the results of the first few trials are omitted, though they provided valuable information as to times and quantities, and proved the validity of the method by providing some positive recoveries after treatment.
When 6 suits were immersed simultaneously in 6 gallons (27-6 1.) of 4% formalin plus 1 % Tego for eighteen hours, only one sample out of 36 contained viable spores. On increasing the exposure time to 24 hours, a similar result was obtained, but visible growth was delayed. When the strength of formalin was increased to 5% complete sterility was obtained in one out of 3 trials.
Six gallons (27-6 1.) of 10% formalin (i.e. 4% formaldehyde) plus 1 % Tego repeatedly sterilized 6 suits in 24 hours at room temperature (approx. 200C). Viable spores could not be isolated from the residual formalin solution after removal ofthe suits.
The level of artificial contamination was unrealistically high, and, though no specific steps were taken to protect the test organisms with fats or proteins, the result of the trials probably provides a wide margin of safety. It is stressed that the spores were in the true resting stage. Addition of organic matter might have encouraged partial germination, and hence given rise to less trustworthy results in that sterility would have been obtained more rapidly with less formalin.
The relative ease with which similar spores were killed in test-tube trials is probably due to the smaller volume of liquid involved and hence better mixing. The overalls would tend not only to inactivate and polymerize formalin but would prevent free circulation of liquid and hence produce pockets of stagnant less active disinfectant.
The addition of Tego does enhance the action ofthe formalin both by synergy and by acting as a wetting agent and detergent. Trials carried out some years ago have shown that quaternary ammonium disinfectants have a similar action.
Though the anthrax strain used in these experiments was avirulent, it is considered unlikely that a virulent strain might prove significantly more resistant, and some are known to be much less so.
Since the original requirement was for small numbers of overalls, the number supplied and used in the tests (six) is not unrealistic. This was a very convenient number to handle per bin load. The volume of solution (1 : 10 formalin/water) should not be less than one gallon (4-6 1.) per suit, and periodic stirring would be of value. The process will be increasingly inefficient below room temperature, and, whilst continuous heating is not within the terms of reference, the use of a warm solution (i.e making up the solution with hot water) will increase efficiency. After treatment the overalls should be rinsed in tap water and hung up to dry in the open air to remove traces of formalin which might prove objectionable during laundering.
Dr HA Thomas (CourtauldsLtd, 22 Hanover Square, London WI)
Disposable Protective Garments
For the purpose of this paper the word 'disposable' connotes either for a single use, or for a single patient-use (i.e. for a 3-4 days' stay in hospital) when the garment is thrown away, i.e. after it has served its initial function.
Section ofOccupational Medicine
Although in domestic use there is a tendency to use disposables as 'short-life' garments, as many can be washed under mild conditions and re-used once or twice, this is unacceptable in hospital work or in the field of occupational medicine. After initial use disposable garments and other items should preferably be burnt or if reasonably small and biologically degradable 'flushed' into the sewage system.
Materials and Making Up
The word 'paper' is often wrongly applied to materials used for many disposable items. Disposable handkerchiefs and serviette tissues are truly paper made from wood pulp. Various reinforced papers are produced by depositing the paper pulp on nylon, cotton or jute scrims. These are obviously more expensive than paper itself and have been used but not widely adopted for surgeons' gowns and nurses' uniforms.
The first impact with the public was made some two years ago with so-called paper dresses, shirts and then paper panties. These were made from a textile, bonded-fibre fabric, not from paper. The material comprised rayon staple fibres carded into a web and bonded together into a sheet by means of an acrylic resin.
Instead of a synthetic resin, fibre bonding can be effected by viscose solution which produces an all-cellulosic bonded-fibre fabric, absorbent, nontoxic and non-irritant. Also, since no synthetic resin-binders are present, the material is readily flushed, decomposed and disposed of without vitiating the sewage system. These viscose-bonded or synthetic-resin bonded-fibre fabrics are textiles (since they comprise textile fibres) and are described as dry-laid, as distinct from wet-laid, from a mixture of textile fibres and wood pulp made into sheets of bonded-fibre fabrics in a papermaking machine. A hollow flat cross-section rayon staple known as PM2 can be used for producing either wet-laid or dry-laid bonded-fibre fabrics which are flushable since they readily disperse in a large volume of water.
The materials used for the disposable protective garments described in this paper are as follows: (1) Dry-laid rayon staple (viscose bonded), i.e. all-cellulosic. (2) Wet-laid rayon staple and woodpulp blend, either all-cellulosic or print-bonded with a synthetic resin. (3) Dry-laid blends of rayon staple with nylon fibres and/or polyester, bonded with synthetic resin-binders.
(4) One of the above, laminated with a polythene film for extra protection, and which can be sponged or wiped down. (5) Polythene film, as with protective gloves. Generally these five types of material are of low price compared with conven-tional textiles (woven or knitted), and therefore low-cost methods of making up should be employed, as by adhesives or by welding, in order to produce disposable garments and other items to compete with hire-service overalls provided by the laundry and drycleaning industry.
Considerable progress has been made in devising new methods of making up disposable garments and in the design of automatic machinery for the purpose.
Types ofDisposableProtective
Garments Classified According to Function Protection from cold and exposure (survival clothing): Disposable briefs made up from a stretchable bonded rayon fibre fabric are warm and appropriate to wear under a complete survival suit. Some interesting development work is proceeding on the use of a bonded-fibre fabric laminated with cellophane film which is poromeric, i.e. it is porous to water vapour (and perspiration) and therefore is comfortable to wear.
Protection from infection: Bonded-fibre fabrics from rayon staple are ideal for surgeons' gowns, patients' protective gowns, including X-ray gowns, and baby gowns used in maternity or children's wards. Because of their moistureabsorbent properties and good electric conductivity such gowns do not develop electrostatic charges even in a warm dry atmosphere or other controlled environments. After use they can be readily disposed of in an incinerator. Other bacterial barrier items of clothing which are disposable are polythene film gloves and shoe covers.
Protection from staining and soiling (either from internal or external sources of staining, e.g. from anti-eczema ointments and barrier creams): Under this heading are included polythene or PVC gloves and capes or bonded-fibre fabric overalls for casualty or mortuary workers, and for food handlers; also hats for food handlers (e.g. in biscuit factories and bakeries. Disposable bondedfibre fabrics are also in use for dental aprons and, when laminated with polythene film, are ideal for hairdressers' capes (to protect customers' clothing) and for babies' bibs, with the polythene film worn inwards so that droppings are absorbed by the outer bonded-fibre fabric.
Protection against perspiration and menstrual staining, e.g. disposable panties or briefs, suit and dress 'protectors': It is interesting to note that trials undertaken by the Ministry of Defence are proving the value of disposable briefs for servicemen wearing long underpants whilst on cold weather service.
Protection against toxic effects: Under this section can be cited the disposable protective Army uniforms developed at the Porton Down Chemical Defence Establishment; these are made up from bonded-fibre fabric coated with emulsions of carbon black and other nerve gas absorbents.
Another example is a complete overall suit made up from dry-laid bonded-fibre fabric comprising blends of nylon, rayon and polyester bonded with acrylic resins, for the specific protection of paint sprayers operating airless spray guns for applying high gloss polyurethane paints.
There can be little doubt that further uses will be found for this disposable garment, particularly in the applicaion of specialized paints to large areas, e.g. aircraft or motor cars. One such use is the application of antifouling paints to large ships, such as mammoth tankers. Laundries should not handle boiler suits contaminated with toxic materials and therefore disposables are the ready answer. An advantage of the disposable boiler suit is the ease with which it can be ripped off the body, in the event of fire. Although it is an advantage for disposables to burnas a ready means of disposableit should be pointed out that most of the disposal fabrics are no more flammable than cotton fabrics of the same weight and similar density.
Ifnon-flam garments are required, then suitable bonded-fibre fabrics can be supplied either by a simple non-flam treatment (which does not have to be fast to washing since the disposable garment is not for washing) or by producing bonded-fibre fabrics from non-flam fibres, e.g. the modacrylic Teklan.
Protection against skin chafing, e.g. bedsores: Underwear or nightdresses made from bondedfibre fabrics are both absorbent and porous and therefore keep the surface of the skin dry, if changed when required. Mention should also be made of the use of absorbent bonded-fibre fabrics in disposable napkins which can be used in conjunction with a non-absorbent fabric of a synthetic hydrophobic fibre which 'wicks' urine from the baby's skin to the absorbent napkin, thereby maintaining the skin in dry condition. Protection of the dead: Disposable bonded-fibre fabric shrouds are ideal because of their absorbency and low cost. They can also be used for coffin linings for the same reason.
Conclusion
It will be appreciated from the foregoing that there is much scope in both the medical and domestic field for low-priced readily disposable garments. This use of disposables will also spread rapidly to bedding, where a complete set of sheet, pillow slip and quilted bedcover comprising acrylic fibre wadding laminated with a bondedfibre fabric can be supplied for approximately lOs for a single bed, all of which in favourable circumstances could be used for the duration of a patient's visit to hospital. If, however, staining or other contamination occurs, the sheets and pillow slip can be quickly disposed of, and replaced.
Mr P H Schwabe (Chemical Defen&e Establishment, Porton Down, Salisbury, Wiltshire)
High Efficiency Personal Protection: Some New Materials and Methods
The Chemical Defenoe Establishment is extensively concerned with the protection of man from the respiratory and percutaneous effects of dangerous chemicals. At the present time, the basic protective requirements for the Services are met by use of the respirator and protective clothing and in this paper I want to outline three recent developments in these fields arising from our work at Porton.
Taking respiratory protection first, a major problem in gaining protection is to ensure a reliable face fit over a wide range offace sizes. This problem can be minimized by using some system of forced air supply and thus ensuring that the only leaks around the mask periphery are outwards. Conventional methods for achieving this condition include air bottles or trailing air supply leads; these have obvious disadvantages. We have been seeking a means of pressurizing a respirator facepiece using the energy of the body only. The system we have developed is based on a conventional respirator (Fig 1) . The cyclic pressure pattern within it due to breathing is used to activate a bellows type pressure intensifier and so force air at an elevated pressure into the space between the orinasal mask and facepiece periphery. All the 
